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VDWLVILHV D IL[HG VHW RI SDUDPHWHUV +RZHYHU DQ RSWLPL]HG VROXWLRQ LV ULJLG DQG GRHV QRW SHUIRUP ZHOO ZKHQ



















SURSRVHV D FRPSXWDWLRQDO VLPXODWLRQ IUDPHZRUN IRU H[SORULQJ IOH[LEOH GHVLJQ RSWLRQV XQGHU FDSDFLW\ GHPDQG
XQFHUWDLQW\6HFWLRQ GHPRQVWUDWHV WKH SURSRVHG IUDPHZRUNE\ DSSO\LQJ LW WR WKH GHYHORSPHQW RI D K\SRWKHWLFDO
QHWZRUNLQIUDVWUXFWXUH6HFWLRQFRQFOXGHVWKLVSDSHU
&KDUDFWHULVWLFVRI1HWZRUNHG(QHUJ\,QIUDVWUXFWXUHV
(QHUJ\ LQIUDVWUXFWXUHV KDYH D VRFLRWHFKQLFDO QDWXUH LH ERWK D SK\VLFDO DQG VRFLDORUJDQL]DWLRQDO VWUXFWXUH
3K\VLFDOO\ WKH\ DUH KLJKO\ HQJLQHHUHG WHFKQLFDO DUWLIDFWV DQG IDFLOLWLHV IRU WKH SURGXFWLRQFRQYHUVLRQWUHDWPHQW






WKHSURGXFHGJDV LV WUDQVSRUWHG WKURXJKSLSHOLQN WRZDUGVFRQVXPHUVQRGHIRU WKHSXUSRVHRIHQHUJ\KHDWDQG
HOHFWULFLW\RUIRUFKHPLFDOSURFHVVLQJ
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7KH IROORZLQJDUH VRPHFRPPRQFKDUDFWHULVWLFVRI HQHUJ\QHWZRUNV WKDWPDNH WKHGHVLJQLQJ DQGGHYHORSPHQW
SODQQLQJSURFHVVYHU\FKDOOHQJLQJ
x Capital intensive WKH GHVLJQ DQG GHYHORSPHQW RI WKHVH QHWZRUNV UHTXLUH VXEVWDQWLDO DPRXQW RI FDSLWDO
LQYHVWPHQWXVXDOO\LQKXQGUHGVRIPLOOLRQVRUELOOLRQVRIGROODUV
x Evolving internal and external uncertainty WKHVHQHWZRUNV DUH EHLQJGHVLJQHG GHYHORSHG DQGRSHUDWHG LQ
XQFHUWDLQ HQYLURQPHQW )RU H[DPSOH WKH FDSDFLW\ UHTXLUHG E\ VXSSOLHUVFRQVXPHUV RI WKH QHWZRUN PLJKW
FKDQJHRYHUWLPH
x Long life timeOLIHF\FOHRIWKHVHQHWZRUNVLHGHVLJQGHYHORSPHQWRSHUDWLRQDQGDEDQGRQPHQWVSDQVVHYHUDO
GHFDGHV
7KHVH FKDUDFWHULVWLFV DPRQJ RWKHUV FUHDWH XQFHUWDLQW\ IRU WKH SURMHFW GHYHORSHUV DQG PDNH GHFLVLRQ PDNLQJ
GLIILFXOW7KHSUDFWLFHRIWUDGLWLRQDOHQJLQHHULQJGHVLJQIRFXVHVRQILQGLQJDQRSWLPDOVROXWLRQJLYHQDGHWHUPLQLVWLF
DVVXPSWLRQRIWKHIXWXUHHQYLURQPHQWLQZKLFKWKH\ZLOOEHRSHUDWHG'HWHUPLQLVWLFRSWLPL]DWLRQRIWHQOHDGVWRDULJLG





,Q PDQ\ GLVFLSOLQHV IOH[LELOLW\ LV LQWXLWLYHO\ GHILQHG DV WKH DELOLW\ WR UHVSRQG WR FKDQJHV HDVLO\ :H GHILQH
IOH[LELOLW\DVWKHSURSHUW\RIWKHV\VWHPHQGRZHGE\GHVLJQDWLQLWLDOVWDJHZKLFKJLYHVLWWKHFDSDELOLW\WRUHVSRQG





XQFHUWDLQW\ ZLWK UHODWLYH HDVH 2SHUDWLRQDO IOH[LELOLW\ LV DFKLHYHG E\ GHVLJQV ZKLFK DOORZ HDV\ PRGLILFDWLRQ RI
RSHUDWLQJVWUDWHJLHVZLWKRXWPDMRUFRQILJXUDWLRQFKDQJHV,QWKLVSDSHUZHIRFXVRQDUFKLWHFWXUDOIOH[LELOLW\WRH[SORUH
SURPLVLQJGHVLJQRSWLRQVDQGVKRZRQDFRQFHSWXDO OHYHO WKDW WKHUH LVYDOXHFRPSDUHG WRDGHWHUPLQLVWLFGHVLJQ
DSSURDFK,QWKHFDVHRIQHWZRUNHGHQHUJ\LQIUDVWUXFWXUHE\DUFKLWHFWXUDOIOH[LELOLW\ZHPHDQLWLVSRVVLEOHWR
x Add or delete nodes or connectionsRYHUWKHOLIHF\FOHRIWKHLQIUDVWUXFWXUHQRGHVRUDQGFRQQHFWLRQVFDQEH
DGGHGRUDEDQGRQHG:KHQVXFKNLQGVRIIOH[LELOLWLHVDUHH[HUFLVHGWKHSK\VLFDOFRQILJXUDWLRQRIWKH
LQIUDVWUXFWXUHZLOOFKDQJH
x Modify connections among the nodesWKLVPHDQVFKDQJHVLQWKHZD\QRGHVDUHFRQQHFWHGRUGLIIHUHQWURXWHV
IRUDQH[LVWLQJFRQQHFWLRQ7KLVW\SHRIIOH[LELOLW\LVUHIHUUHGWRDVQHWZRUNUHFRQILJXUDELOLW\













7KHNH\HOHPHQWVRI WKLVFRPSXWDWLRQDO IUDPHZRUN LQFOXGHXQFHUWDLQYDULDEOHPRGHO VLPXODWLRQPRGHOEDVHGRQ
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KHXULVWLFDOJRULWKPGHFLVLRQUXOHVDQGHYDOXDWLRQRIGHVLJQRSWLRQV7KHORRSUHSUHVHQWV0RQWH&DUORVLPXODWLRQDQG
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WKHHGJHVIRUH[DPSOHFDSDFLW\RISLSHLQJDVQHWZRUN7KHFRVWRIEXLOGLQJWKHSLSHOLQH݁LVGHILQHGDVܥ௘ ൌ
݈௘ݍ௘
ఉ  DV LQ+HUH݈௘ LV WKH OHQJWK RI݁DQGݍ௘ LV WKH WRWDO FDSDFLW\ RI SLSHOLQH݁ 7KH H[SRQHQWߚLV WKH FRVW
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QHWZRUN 7KH FDVH VWXG\ H[SORUHV GLIIHUHQW IOH[LEOH GHVLJQ RSWLRQV IRU WKH QHWZRUN DQG FRPSDUHV LW DJDLQVW WKH




















































LH61ൌ ͻͲ݉ଷȀ݄ݎ61ൌ ͶͲ݉ଷȀ݄ݎǡDQG61ൌ ͳͲͲ݉ଷȀ݄ݎǤ7KHQDQHQVHPEOHRI IORZHYROXWLRQ WUDMHFWRU\IRU








WKHIXWXUHRSSRUWXQLWLHV IURPFRQQHFWLQJ WR61DQG WKHSRWHQWLDO ULVNIURPFRQQHFWLQJ WR617KLVFDOOV IRU WKH
GHYHORSHUWRDGRSWDIOH[LEOHVWUDWHJ\WKDWLQWHJUDWHVRSWLRQVDWWKHLQLWLDOVWDJHWRPDNHXVHRIXSVLGHRSSRUWXQLWLHV
DQGPLQLPL]HGRZQVLGHULVNV
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,QSUDFWLFHVWDJHGHYHORSPHQWWKDWLQYROYHFRUHSUHPLVLQJVRXUFHVDQGVHYHUDOSRWHQWLDOVRXUFHVZLWKIOH[LEOH
FRQQHFWLYLW\ EHFRPHV DQ DWWUDFWLYH VWUDWHJ\ IRU D SURMHFW ZLWK PDQ\ ORZ IORZ VRXUFHV ,Q WKH FDVH RI RLOILHOG
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